We investigate α ′ -corrections of heterotic double field theory up to quadratic order in the language of supersymmetric O(D, D + dim G) gauged double field theory. After introducing double-vielbein formalism with a parametrization which reproduces heterotic supergravity, we show that supersymmetry for heterotic double field theory up to leading order α ′ -correction is obtained from supersymmetric gauged double field theory. We discuss the necessary modifications of the symmetries defined in supersymmetric gauged double field theory. Further, we construct supersymmetric completion at quadratic order in α ′ .
theory [6] [7] [8] [9] [10] [11] . It has been applied to describe heterotic supergravity [12] , type II supergravity [13] [14] [15] [16] [17] by incorporating Ramond-Ramond sector, M-thoery [18] [19] [20] [21] [22] [23] and gauged DFT [24] [25] [26] [27] [28] [29] [30] which corresponds to lower dimensional gauged supergravity [31, 32] . Based on the geometric formulations involving local frame field [33] [34] [35] [36] , supersymmetric DFT has been constructed [37, 38] . However, there are obstructions when we try to construct α ′ -correction in the ordinary DFT. The main difficulty is the absence of rank-4 generalized tensor containing the Riemann tensor [17, 33, 34] . Moreover, it has been shown that R 2 term is forbidden in terms of the generalized metric [39] .
Recent works have addressed the construction of α ′ -corrections for heterotic DFT in terms of O(D, D + dim G) gauged DFT by Bedoya, Marques and Nunez [40] . 1 Similar approach in generalized geometry for stringy corrections has been studied by Coimbra, Minasian, Triendl and Waldram [41] . The main idea is that SO(32) or E 8 × E 8 heterotic gauge group is enhanced by including the Spin(9, 1) local Lorentz group, and their gauge fields are treated on an equal footing [42] [43] [44] . Since the gauge field for local Lorentz transformation is just spin-connection, the R 2 term naturally arises from the gauge kinetic term. They have also
shown that the anomaly cancelation condition is given by Bianchi identity of the generalized curvature tensor.
In the present paper, utilizing the double-vielbein formalism for the supersymmetric gauged DFT [30] , we investigate the supersymmetric structure of heterotic DFT up to quadratic order in α ′ , and we examine the validity of gauged DFT description in higher order corrections. If we neglect α ′ -corrections, heterotic DFT is identical with gauged DFT regardless of double-vielbein parametrization. However in order to describe α ′ -corrections, we should require a suitable parametrization which identifies the gauge field for O(D − 1, 1) local Lorentz group with the DFT spin-connection. Therefore, in this paper heterotic DFT implies O(D, D + dim G) gauged DFT with a double-vielbein parametrization. From defining properties of double-vielbein, we construct a consistent parametrization which provides a consistent description of heterotic supergravity. However, it is important to note that symmetries defined in gauged DFT do not preserve the parametrization.
For twisted generalized Lie derivative (2.21) in gauged DFT, we should lock the twisted generalized Lie derivative with the O(G) subgroup of O(D−1, 1 + dim G) local Lorentz transformation in order to sustain the parametrization [40] . Then the twisted generalized Lie derivative is modified by the compensating O(G) local Lorentz transformation and the O(G) symmetry is broken. For O(D, D + dim G) duality transformation, it is known that the global duality symmetry is broken to O(D, D) subgroup due to the parametrization 1 Another approach for α ′ -correction in DFT has been proposed by Hohm, Siegel and Zwiebach [45, 46] . In their approach, generalized Lie derivative receives an α ′ -correction instead of O(D, D) T-duality transformation. However, in our paper we will focus on the gauged DFT approach.
of O(D, D + dim G)-covariant structure constant for the enhanced heterotic gauge group G [12, 47] . In addition, to preserve the parametrization of double-vielbein, the remaining global symmetry should also be modified by incorporating a compensating local Lorentz transformation. As twisted generalized Lie derivative, we show that SUSY transformation for the leading order α ′ -correction is locked with the off-diagonal part of the O(D−1, 1 + dim G)
local Lorentz transformation. We also investigate supersymmetry for heterotic DFT linear in α ′ . As the other bosonic symmetries, the supersymmetry transformation from gauged DFT should be modified to preserve the parametrization of double-vielbein. In [41] , supersymmetry for heterotic supergravity has been constructed in the context of generalized geometry with the corrections linear in α ′ , and we discuss the relation with our result.
Another main result in this paper is the construction of suersymmetric completion at the quadratic order of α ′ -correction. As pointed out in [2, 41] , there exists a hidden higher order of α ′ -correction in the supersymmetry transformation of gravitino-curvature ψmn, and it leads (α ′ ) 2 -order corrections in the SUSY variation of the action. We then construct corrections of the action and SUSY transformation in order for canceling the (α ′ ) 2 terms which arise from the SUSY variation of the gravitino-curvature. Also, we show that there is no (α ′ ) 2 -correction including the cubic order of Riemann tensor, and it is in agreement with the earlier heterotic supergravity result [2] . The organization of the present paper is as follows. In section 2, we review heterotic DFT with α ′ -correction [40] and double-vielbein formalism for O(D, D + dim G) gauged DFT [30] with an explicit parametrization. We show that the bosonic symmetries defined in the gauged DFT are modified to be consistent with the parametrization. Furthermore, connections and curvature tensors are introduced from gauged DFT. In section 3, fermion degrees of freedom are introduced and supersymmetry is constructed at linear order in α ′ .
We show that SUSY transformation defined in O(D, D+dim G) gauged DFT is also modified by the parametrization. We end in section 4 by constructing supersymmetric completion at order (α ′ ) 2 .
2 Double-vielbein formalism for heterotic DFT
In the construction of α ′ -correction of the heterotic DFT [40, 41] , one starts from O(D, D + dim G) gauged DFT which is the gauge group G specified as
where G 1 is the SO(32) or E 8 × E 8 group for the heterotic Yang-Mills gauge symmetry and G 2 is the SO(9, 1) local Lorentz group which acts on adjoint representation. This results in a theory in which the heterotic gauge group and O(9, 1) symmetry are treated on an equal footing [2] . In this section, we review heterotic DFT with α ′ -corrections and double-vielbein formalism for O(D, D + dim G) gauged DFT with a suitable parametrization. We discuss how bosonic symmetries defined in gauged DFT are modified under the parametrization for double-vielbein. In addition we introduce the geometric quantities in gauged DFT. There are several approaches for the geometric structure of gauged DFT [30, 53, 54] . Here we follow the so called semi-covariant approach [30] which is well-suited for supersymmetry.
Double vielbein
Suppose that heterotic DFT is defined on a generalized parallelizable space [48] to avoid a topological obstruction. From the double-vielbein formalism of gauged DFT [30] , the local structure group of the heterotic DFT is given by the maximal compact subgroup of
Then we introduce a pair of local orthonormal frame {VM m ,VMm} corresponding to the
They satisfy the following defining properties [34] ,
Hence the double-vielbein form a pair of rank-two projections [33] ,
and further meet
As ungauged DFT, the generalized metric is defined by
A necessary step to identify the gauged DFT with heterotic supergravity is to fix a parametrization of the double-vielbein in terms of the heterotic supergravity fields. By doing so, it is necessary to decompose
where J M N is the O(D, D) metric,ηmn is the O(D − 1, 1) metric. Also K AB and κāb are defined 
Under these decompositions the defining condition of the double-vielbein (2.3) is then reduced to
We then construct a parametrization satisfying the defining properties (2.10) and assuming the upper half block of V M m andV Mm are non-degenerated 11) and forVMmV 
Note that the double-vielbein under the parametrization is identical with the frame field in generalized geometry in a local coordinate patch [41] . Here A Mā should be identified as a gauge field for G by its transformation property. Since A Mā is parametrized as
it is so called the derivative index valued field [49, 50] . The gauge field A Mā consists of two gauge fields for SO(32) or E 8 × E 8 heterotic YangMills symmetry and O(D − 1, 1) local Lorentz transformation
Since these two gauge fields appear symmetrically in the action and supersymmetry transformation [2, 40, 41] , we will use a combined form A Mā unless we have to distinguish them. Note that theV µā = 0 andV Aā As shown in [40, 41] Under the previous parametrization, the projection operators are parametrized
where
18) and
19) Then, one can show that JMN = PMN +PMN and the well-known generalized metric (see also [52] for non-geometric parametrization) is reproduced from
After the parametrization, all the symmetries of the O(D, D + dim G) gauged DFT are partially broken or modified. In the rest of this section we will consider the bosonic symmetries and their compensating local Lorentz transformation which sustains the parametrization.
Gauge transformations
In the gauged DFT, the generalized Lie derivative in ungauged DFT is replaced by the twisted generalized Lie derivative which includes Yang-Mills gauge symmetry. For the O(D, D + dim G) double vielbeins, the twisted generalized Lie derivative is defined [12, 26] 
whereL 0 is the ordinary generalized Lie derivative, 22) and fMPQ is the structure constant for the gauge group
The section condition also known as the strong constraint is given by:
The structure constants fMNP should then satisfy the Jacobi identity,
It is also convenient to impose an orthogonality condition on the structure constants fMNP
This means the gauge symmetry will be orthogonal to the ordinary generalized Lie derivative. The gauge parameter XM consists of diffeomorphism parameter ξ µ , one-form gauge parameter Λ µ for Kalb-Ramond field B µν and Yang-Mills gauge parameter λ A for gauge
However, the twisted generalized Lie derivative does not sustain the previous doublevielbein parametrization. For example, if we transform the constant componentV Aā , then it doesn't remain as a constant,LXV
To overcome this problem, we modify the twisted generalized Lie derivative by adding a compensating Lorentz transformation which cancels the unwanted terms as in [40] 
where Λāb ∈ O(dim G) is taken to be
Then we reproduce the gauge transformations for component fields of the double-vielbein, which have been constructed in [40] 
(2.30)
O(D, D) transformation
We now turn to the O(D, D + dim G) global duality symmetry. Before the parametrization, the double-vielbein is an O(D, D + dim G) vector which transform as 32) and    
where α µν and γ µν are antisymmetric parameters 
On the other hand, if we evaluate δ hVMm part only by using the parametrization ofVMm (2.12), then we get inconsistent result with (2.36). Moreover, even thoughV Mā is parametrized as a derivative index valued vector, namelyV
transformation (2.33) 
If we evaluateδ hVMm andδ hVAm then one can show that these are consistent with (2.32) in the component field level. Moreover we can show thatδ h V Aā is vanished, and it is consistent with the fact thatV Aā is the structure constant of G.
Connection
We now introduce geometrical quantities defined in gauged DFT to describe the dynamics and supersymmetry of heterotic DFT. 
and PPMNQRŜ andPPMNQRŜ are rank-six projection operators From the compatibility of η mn andηmn, we can deduce that the spin-connections are antisymmetric,
In addition, because of the double-vielbein compatibility condition (2.45), the spin-connections may be determined in terms of the double-vielbeins as follows, In (B.5), we present explicit form of the spin-connections in terms of heterotic supergravity fields. These will be a building block that the formalism uses. Various covariant quantities can be generated by using these spin-connections and their derivatives [30] .
Curvature
Let us turn to semi-covariant curvature tensor SMNPQ which is defined as
where RMNPQ is defined from the standard commutator of the covariant derivatives
The generalized curvature scalar is defined by contraction of SMNPQ with the projection operators 
This feature is exactly same as [40, 41] , and it shows the consistency of the semi-covariant formulation for heterotic DFT.
3 Supersymmetry in leading order α
′ -correction
In this section we consider supersymmetry in heterotic DFT with leading order α ′ -corrections based on supersymmetric gauged DFT [30] . We also consider the relation with the generalized geometry result [41] . As shown in the previous section, the bosonic sector consists of DFT-dilaton, d, and double-vielbeins, VM m ,VMm. Meanwhile the fermionic sector is determined by the supersymmetry. Since heterotic DFT admits N = 1 supersymmetry, the fermonic degrees of freedom are given by one kind of gravitino (ψm) α , gauginos (ψā) α and the dilatino (ρ) α , where α , β , · · · represent the spinor representation of Spin(1, 9). Here we employ a collective notation for the gauginos as the gauge field A Mā
where ψ [mn] is so called gravitino curvature [2] which is defined in terms of heterotic DFT variables
Here Dm is a covariant derivative for Spin (1, 9) and Spin(9, 1) vector representation, for instance arbitrary vectors T m and Tm
Note that covariant derivativeDm for Spin (1, 9) and Spin(9, 1+dim G) vector representation 
SUSY transformation
We start from SUSY transformation of O(D, D + dim G) gauged DFT [30] 
Once we have the double-vielbein parametrization (2.11) and (2.12), it makes sense to decompose O(D−1, 1 + dim G) vector indices in (3.7) as then we have a consistent modified SUSY transformation forV Mā
where the derivative index valued vector V M m is defined as
Furthermore, the compensating local Lorentz transformation (3.9) can be applied to the constant component V Aā as well, and the modified SUSY transformation gives a vanishing SUSY variation
Therefore the modified SUSY transformation with the local Lorentz transformation (3.9) is given by
Φā mn γ mn ε . . Since it should behave as a gauge field for Spin(9, 1) local Lorentz transformation, the DFT spin-connectionΦ pmn would be a good candidate. However there are ambiguities due to a torsion which is not determined yet. It is interesting that even if we don't have explicit definition of
On the other hand the direct computation of δ εΦpmn gives 
then it transform as (3.14).
Next, we examine the SUSY variation of gravitino curvature δ ε ψ [mn] up to fermion leading order. We can read off the δ ε ψ [mn] from (3.13)
On the other hand, the direct computation of δ ε ψ [mn] gives 17) and (3.18) are not equivalent, after diagonal gauge fixing, one can show that the difference is nothing but a sub-leading order correction [2] 
From the Bianchi identity (2.59), it is reduced to
Therefore, SUSY transformation of gravitino curvature at order (α ′ )
) is given by
Tmn mn γ mn ε .
Or, in other words Φ ( 3 2 ) [mn]mn = T [mn]mn .
SUSY action
We may finally turn to the supersymmetric action. Following the supersymmetric gauged DFT [30] , we have a supersymmetric action which is invariant under (3.7)
The SUSY variation up to leading order in fermions is given by
Substituting the SUSY transformation in (3.7), one can then show that SUSY invariance is guaranteed from the following identities
We may rephrase the action (3.23) and supersymmetry transformation (3.13) with the explicit parametrization of double-vielbein. For systematic approach, we denote n-th order α ′ terms as (n). For instance, the next leading order correction of supersymmetry transformation for gravitino-curvature is of order
thus it is denoted by (
) as a superscription. We then summarize the Lagrangian and supersymmetry transformations in the leading order correction:
• Lagrangian
(3.28)
• Supersymmetry transformations for fermion fields
( 1
[mn]pq γ pq ε , 
and one can show that it is insufficient to cancel the (4.1). Next, we introduce following corrections in the fermion Lagrangian 4) which is proportional to the equation of motion of ψm at order (α
F transform under the (3.29) at order (α ′ ) 2 as and use the following identity
Then (4.7) is reduced to Finally, putting all the terms in (4.1), (4.3) and (4.11) together, we get following simple total variation δS
Since there is no quadratic α ′ -correction in the bosonic action and (4.12) is proportional to
m n , it suggests that we should introduce a further higher order α ′ -correction to the SUSY variation of double-vielbein
whereV (0)Mm is the double-vielbein for ungauged DFT, which is defined bȳ
If we take δV
then the SUSY variation of the bosonic action at order (α ′ ) 2 is given by
Therefore the bosonic variation cancels (4.12), and it shows that supersymmetry is closed at (α ′ ) 2 -order. For the consistency, we should construct δ εV
From (4.15) we obtain the component field transformations
However, it is not sufficient to determine the other double-vielbein elements, such as δ ε V A m (2) , δ εVMā (2) and δ εVAm (2) from SUSY completion at order (α ′ ) 2 . In other words, in terms of component fields, it is not clear how to determine δ ε A µā (2) . To determine these elements, we should consider the cubic order of α ′ -correction and we will address in future work.
In summary, the quadratic order correction of the action 19) and the SUSY variation in higher-order correction is
Tpq pq γ pq ε . 
Conclusions
In this paper, we have studied double-vielbein formalism for heterotic DFT and constructed the supersymmetric completion up to quadratic order of α ′ . Following the work of [40, 41] , we have shown that supersymmetry in heterotic DFT with leading order in α ′ -correction is described by supersymmetric O(D, D + dim G) gauged DFT. A canonical parametrization of double-vielbein has been introduced for leading order α ′ -correction in heterotic DFT, and it has been shown that all the symmetries defined in the supersymmetric gauged DFT should be modified to preserve the parametrization.
Especially we have constructed the supersymmetric completion in the next leading α ′ -correction resulting from the higher order correction in the gravitino curvature variation, (δ ε ψmn) ( 3 2 ) . We then show that there is no R 3 correction in the bosonic action, and the fermion sector is proportional to the equations of motion for gravitino at order (α ′ ) 0 . It may suggest that the gauged DFT description is valid even in higher order α ′ -correction. Since DFT offers a very efficient calculation tool due to the O(D, D) structure, we may achieve the construction of higher than (α ′ ) 2 -order corrections through the supersymmetric completion, and we leave this for future work.
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A Conventions
In this section we describe various conventions and indices in detail. We decompose O(D, D+ •ā,b, · · · : Adjoint indices for gauge group G.
Since the gauge group G is given by the product of two groups G = G 1 × G 2 , the gauge indices should be decomposed. 
B Supergravity representation
The Spin(1, 9) Clifford algebra,
and chirality operator γ where ω
